Epimerization of benzo[a]pyrene-tetrols after acid hydrolysis, implications for determination of benzo[a]pyrene adducts in protein and DNA.
Determination of benzo[a]pyrene-DNA or protein adducts with high performance liquid chromatography (HPLC) after acid hydrolysis at high temperature (90 degrees C) enables four isomers of benzo[a]pyrene tetrahydrotetrol to be identified and quantitated. We have investigated the effect of acid treatment of benzo[a]pyrene-tetrahydrotetrol isomers using HPLC and nuclear magnetic resonance spectroscopy (NMR) analysis. By HPLC, we found reversible epimerization of (+/-)-benzo[a]pyrene-r-7,t-8,9, 10-tetrahydrotetrol to (+/-)-benzo[a]pyrene-r-7,t-8,9, c-10-tetrahydrotetrol and of (+/-)-benzo[a]pyrene-r-7,t-8,c-9, t-10-tetrahydrotetrol to (+/-)-benzo[a]pyrene-r-7,t-8,c-9, 10-tetrahydrotetrol, but no interconversion between the two isomer groups. After acid hydrolysis, we found an equilibrium of 87% (+/-)-benzo[a]pyrene-r-7,t-8,9,c-10-tetrahydrotetrol and 9% (+/-)-benzo[a]pyrene-r-7,t-8,9,10-tetrahydrotetrol and 68% (+/-)-benzo[a]pyrene-r-7,t-8,c-9,10-tetrahydrotetrol and 20% (+/-)-benzo[a]pyrene-r-7,t-8,c-9,t-10-tetrahydrotetrol. Minor amounts of two unknown compounds with similar chromatographic characteristics were also found. We have established a NMR method for determination of underivatized (+/-)-benzo[a]pyrene-r-7,t-8,9, c-10-tetrahydrotetrol and (+/-)-benzo[a]pyrene-r-7,t-8,9, 10-tetrahydrotetrol confirming the epimerization of (+/-)-benzo[a]pyrene-r-7,t-8,9,10-tetrahydrotetrol to (+/-)-benzo[a]pyrene-r-7,t-8,9,c-10- tetrahydrotetrol. (+/-)-Benzo[a]pyrene-r-7,t-8,9,10-tetrahydrotetrol was treated with aqueous hydrochloric acid in tetrahydro- furan-d8 to give (+/-)-benzo[a]pyrene-r-7,t-8,9,c-10-tetrahydrotetrol at 57 degrees C while observing the 1H NMR resonances at 500 MHz. Gradient-selected correlation spectroscopy (COSY), heteronuclear multiple quantum correlation (HMQC) and heteronuclear multiple bond correlation (HMBC) experiments were performed to confirm the assignments of the aliphatic hydrogens in the product (+/-)-benzo[a]pyrene-r-7,t-8,9, c-10-terahydrotetrol. Thus, when analyzing benzo[a]pyrene-DNA or protein adducts by cleaving the adducts with acid hydrolysis, the only ratio of biological significance is between (+/-)-benzo[a]pyrene-r-7,t-8,9,c-10-tetrahydrotetrol plus (+/-)-benzo[a]pyrene-r-7,t-8,9,10-tetrahydrotetrol and (+/-)-benzo[a]pyrene-r-7,t-8,c-9,10-tetrahydrotetrol plus (+/-)-benzo[a]pyrene-r-7,t-8,c-9,t-10-tetrahydrotetrol, due to interconversion (epimerization) at C-10.